Aggressively managing low-density lipoprotein cholesterol (LDL-C) after myocardial infarction (MI) is a cornerstone of secondary prevention. The changes in LDL-C after MI and the factors associated with LDL-C levels are unknown. Therefore, we directly measured fasting LDL-C levels in 797 MI patients from 24 US hospitals from 2005 to 2008. Mean LDL-C levels at discharge, 1 month, and 6 months were 95.1, 81.9, and 87.1 mg/dL, respectively. In a hierarchical, multivariable, repeated measures model, older age, male sex, and hypertension were associated with lower LDL-C levels, whereas self-reported avoidance of health care because of cost was associated with higher LDL-C. Both the presence and intensity of statin therapy at discharge were strongly associated with LDL-C levels, with adjusted mean 6-month changes of −3.4 mg/dL (95% confidence interval (CI): −12.1, 5.3) for no statins; 1.7 mg/dL (95% CI: −4.7, 8.1) for low statins; −10.2 mg/dL (95% CI: −14.5, −6.0) for moderate statins; and −13.9 mg/dL (95% CI: −19.7, −8.0) for intensive statins (P < 0.001). In conclusion, we found that greater reductions in LDL-C levels after MI were strongly associated with the presence and intensity of statin therapy, older age, male sex, hypertension, and better socioeconomic status. These findings support the use of intensive statin therapy in post-MI patients and provide estimates of the expected LDL-C changes after MI in a real-world population.
Among survivors of myocardial infarction (MI), aggressive secondary prevention measures are needed to reduce the risk of recurrent ischemic events and death. A cornerstone of that treatment strategy is lipid management-specifically with statins, if they can be tolerated by the patient (1) . Multiple clinical trials have demonstrated a reduction in morbidity and mortality rates when patients are treated with statins after an MI (2, 3) , with even greater benefit obtained from more intensive statin therapy (4) (5) (6) . Much of the benefit of statins is thought to be mediated through the reduction of low-density lipoprotein cholesterol (LDL-C) (7) , and in clinical trials of patients randomized to intensive or moderate statins during hospitalization for MI, patients achieved average LDL-C declines of 45 and 22 mg/dL, respectively, after 8 months of treatment (4) (5) (6) . However, the impact of statins on lipid levels over time in routine clinical practice is less well known. Furthermore, it is possible there are several factors-both patient-and treatment-related-that contribute to changes in lipid levels over time. A better understanding of post-MI trajectories in LDL-C levels and of the patient characteristics, beyond statin treatment, that are associated with changes in LDL-C could help optimize management of patients after acute MI.
To address these gaps in knowledge, we investigated the LDL-C levels at discharge and at 1 month and 6 months after hospitalization among 797 patients from 24 hospitals within the Translational Research Investigating Underlying Disparities in Acute Myocardial Infarction Patients' Health Status (TRIUMPH) prospective cohort study (8) . By defining the changes in LDL-C levels over time and identifying the factors associated with these changes, we hope to provide insights into the changes in lipid levels over time with the goal of identifying high-risk patients who might benefit from more intensive monitoring after MI.
METHODS

Study population
Details of the TRIUMPH study, including the design, patient selection, site characteristics, and follow-up assessments, have been previously published (8) . Between April 2005 and December 2008, 4,340 patients from 24 US hospitals were enrolled into the TRIUMPH registry. Inclusion criteria included biomarker evidence of myocardial necrosis and additional clinical evidence supporting the diagnosis of MI, such as prolonged ischemic signs/symptoms (≥20 minutes) or electrocardiographic ST changes during the initial 24 hours of admission. Patients not presenting initially to an enrolling institution were eligible only if transferred within 24 hours of presentation.
Study protocol
Baseline sociodemographic and clinical data were obtained through chart abstraction and a detailed structured interview within 24-72 hours following admission. Lipidlowering medications (type and dose) at hospital discharge were categorized as intensive statin therapy (expected LDL-C lowering of >50%; i.e., 80 mg of atorvastatin or 20-40 mg of rosuvastatin daily), moderate statin therapy (expected LDL-C lowering of 40%-50%; i.e., 20-40 mg of atorvastatin, 10 mg of rosuvastatin, or 80 mg of pravastatin, lovastatin, or simvastatin daily), or low statin therapy (all other statins and doses) (9) . Data on any allergies or other contraindications to lipid-lowering therapy were prospectively abstracted from the hospital record. Consenting patients had fasting blood specimens collected prior to discharge, which were processed, refrigerated, and sent by overnight mail daily to the core laboratory (Clinical Reference Laboratory, Lenexa, Kansas). Blood was then analyzed for lipid levels using the VAP test (Atherotech Diagnostics Lab, Atlanta, Georgia), which directly measures LDL-C levels.
Follow-up was attempted on all survivors at 1 month and 6 months after MI by telephone (interview only) or an in-home visit (for consenting patients), during which additional clinical data (e.g., vital signs, weight) and laboratory data were collected. Patients were asked to be fasting, although blood was also obtained on nonfasting patients (4% of patients), in which case the sample was designated as a random blood sample and categorized as such in subsequent analyses. Only patients who had both baseline and either a 1-month or 6-month laboratory assessments were included in the analyses for this study (Figure 1 ; n = 797). Each participating hospital obtained institutional research board approval, and all patients provided written informed consent for baseline and follow-up assessments.
Statistical analysis
The primary goals of these analyses were to describe the change in LDL-C levels after discharge for an MI and to examine patient and treatment factors associated with these changes in LDL-C levels. First, the patient and treatment characteristics of those who did and did not have an LDL-C level less than 100 mg/dL at 6 months after MI were compared using the χ 2 test for categorical variables and t tests for continuous variables. One-month LDL-C levels were used for patients missing 6-month laboratory assessments.
Second, to examine LDL-C changes over time, we constructed hierarchical repeated measures regression models, which allowed us to take advantage of all available data. Multiple covariates were added to the model to examine the patient-level factors associated with LDL-C changes. Covariates were selected a priori based on clinical judgment and included sociodemographic factors, cardiac and noncardiac comorbidities, clinical factors, and treatments (Table 1) . In a second model, statin treatment at discharge (categorized as none, low, moderate, or intensive) was included, as well as the interaction of treatment × time. All analyses were conducted using SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina), and statistical significance was determined by a 2-sided P value of less than 0.05. 
Missing data analysis
Of the 4,340 patients enrolled in the TRIUMPH study, 2,126 patients (50%) had LDL-C levels obtained prior to hospital discharge. Among these patients, 797 had LDL-C levels recorded at 1 month and/or 6 months after MI (Figure 1 ). There were 3,469 patients who did not participate in the follow-up lipid substudy but who survived at least 1 month after MI (and thus had the opportunity to participate). Patients who did not participate were more likely to be nonwhite, unmarried, and less educated, and to have chronic kidney disease than those who participated. Although nonparticipants were less likely to present with ST elevations and had lower mean troponin levels than participating patients, Global Registry of Acute Coronary Events (GRACE) discharge scores (10) were similar between groups. In addition, baseline LDL-C levels and the frequency and intensity of statin therapy were also similar between groups (Appendix Table 1 ).
RESULTS
Patient population
Of the 4,340 patients enrolled in the TRIUMPH study, 797 survived at least 1 month after MI and participated in the lipid substudy (Figure 1) . The mean age of the population was 59 years, and 68% were male, 74% were white, 28% had diabetes, and 60% were current or former smokers. Forty-seven percent of patients presented with ST elevations, and 95% underwent invasive management of their MIs. Eighty-nine percent of patients were prescribed statins at discharge (26% of which were intensive statins).
LDL-C levels over time
The mean LDL-C levels at discharge, 1 month, and 6 months (from the repeated measures model) were 95.1, 81.9, and 87.1 mg/dL, respectively. At 6 months after MI, 76% of patients had LDL-C levels of less than 100 mg/dL. The prescription of statins at hospital discharge was similar between groups (for 6-month LDL-C levels <100 vs. ≥100 mg/dL, 90% vs. 86%; P = 0.12), as was the prescription of intensive statin therapy (for 6-month LDL-C levels <100 vs. ≥100 mg/dL, 22% vs. 26%; P = 0.30). Patients with low LDL-C levels were more likely to be male, white, and married, and they were less likely to be current or former smokers (Table 1) .
In a hierarchical, repeated measures model, older age, male sex, and hypertension were associated with lower LDL-C levels over time, whereas avoiding care because of cost was associated with higher LDL-C levels over time (Table 2) . In a second model that also considered statin therapy at hospital discharge, along with the interaction between statin therapy and follow-up time (both of which were highly significant at P < 0.001), patients not discharged with statin prescriptions and those discharged with low-potency statin prescriptions had no significant changes in their LDL-C levels over time (Figure 2 ). In contrast, the LDL-C levels of patients discharged with moderate statin therapy were, on average, 13.6 mg/dL lower at 1 month and 10.2 mg/dL lower at 6 months after hospital discharge. Patients discharged with intensive statin therapy had the largest declines in LDL-C levels over time, with mean LDL-C declines of 25.1 mg/dL at 1 month and 13.9 mg/dL at 6 months after hospital discharge (Table 2, Figure 2 ). After adjustment for statin therapy at discharge, older age, male sex, and hypertension remained significantly associated with lower LDL-C levels over time. Self-reported avoidance of medical care because of costs was significantly associated with higher LDL-C levels over time.
Finally, to explore the association of self-reported avoidance of care because of cost and higher LDL-C levels over time, we examined the patterns of statin use among patients who did and who did not report this difficulty over the same time period. At hospital discharge, there was no difference in the frequency of prescription of statins (for "avoids care" vs. "does not avoid care," 90.3% vs. 88.9%; P = 0.58), nor was there a difference in the frequency of prescription of intensive statin therapy (for "avoids care" vs. "does not avoid care," 22.7% vs. 23.1%; P = 0.90). At 6 months, slightly fewer patients who expressed an avoidance of care because of costs reported taking statins (77.3% vs. 81.0%, P = 0.34), but the use of intensive statins was identical between groups (16.7% vs. 16.7%, P = 1.000).
DISCUSSION
In a large, contemporary population of real-world patients, we found that LDL-C levels declined by 13 and 8 mg/dL, on average, at 1 month and 6 months after MI, respectively. Not surprisingly, these LDL-C declines are highly dependent on the intensity of statin therapy at hospital discharge, with patients not discharged with statins and those discharged with low-potency statins having no significant changes in LDL-C levels over time. Those discharged with moderate statins saw modest declines in LDL-C, whereas those discharged with intensive statins had LDL-C decreases of 25 and 14 mg/dL at 1 month and 6 months, respectively. These findings demonstrate the importance of intensive statin therapy at hospital discharge in regard to LDL-C lowering and also estimate the changes in LDL-C levels that would be expected in realworld populations.
Our study supports and extends prior analyses investigating LDL-C levels after MI. In the Aggrastat to Zocor (A to Z) Trial, which included only statin-naïve patients with an acute coronary syndrome, those randomized to 80 mg or 20 mg of simvastatin daily had average LDL-C declines of 49 and 34 mg/dL, respectively, at 8 months after hospitalization (5). In the Pravastatin or Atorvastatin Evaluation and Infection Therapy (PROVE-IT) Trial of intensive versus moderate statins after acute coronary syndrome, patients randomized to 80 mg of atorvastatin daily had average LDL-C declines of 44 mg/dL, and those randomized to 40 mg of pravastatin daily had average declines of 11 mg/dL after 2 years of treatment (4); in this trial, patients were permitted to be taking lipid-lowering therapy at moderate doses at study entry, and, among those subsequently randomized to intensive statins, LDL-C levels fell by 32%. Thus, although some of the decreased effect of statins in our study compared with the clinical trials can be explained by the fact that approximately one-third of patients were taking a statin on arrival, some of the attenuated effect observed in our analyses is likely due to other factors, such as failure to intensify statin treatment, poorer compliance with both diet and medication over time, and statin discontinuation. This hypothesis is supported in our data by a more marked reduction in LDL-C levels at 1 month versus 6 months for both the moderate and intensive statin groups. Because we were studying an unselected patient population and not the highly motivated patients who enroll in clinical trials, it is not surprising to observe differences such as these between the changes in LDL-C levels in the trials versus our population.
A key strength of our study beyond what is known from clinical trials is the unselected nature of our analytical population. For example, whereas only 12% of the populations of the A to Z and PROVE-IT trials were nonwhite, the lipid substudy population of the TRIUMPH trial had 26% nonwhite patients. Although not all TRIUMPH patients agreed to be in the follow-up lipid substudy, there were few meaningful clinical differences between those who did and those who did not participate (Appendix Table 1 ); in particular, baseline LDL-C levels and the factors found to most influence follow-up LDL-C levels (i.e., age, sex, avoidance of medical care because of cost, and intensity of statin prescription at discharge) were similar between groups. This provides important support for the generalizability of our findings to other unselected acute MI patients populations.
Although there have been several other studies that have evaluated in a cross-sectional manner the percentage of patients with cardiovascular diseases who are "at goal" (11) , the changes that occur after an acute cardiovascular event and the factors associated with these changes have rarely been described outside the setting of clinical trials. In 2 LDL Cholesterol Levels After Discharge for MI 1297 separate study of acute MI patients enrolled in multicenter registries, approximately one-third of patients had LDL-C levels greater than 100 mg/dL at 6-12 months of follow-up (12, 13) . Both studies evaluated patient factors associated with LDL-C goal attainment, and both found that good adherence to statins was associated with lower LDL-C levels; however, neither evaluated the effect of intensity of statin therapy on LDL-C, which we found to be exceedingly important.
There are several potential limitations to our analyses that merit discussion. First, our study cohort represents a substudy of the overall TRIUMPH study. Although all patients were asked to participate in the substudy, patients had to agree to an in-home visit and additional blood sampling to be included in our study. Although there were some differences between patients who did and those who did not allow for inhome visits, our analytical cohort remained fairly representative of a real-world MI population that has survived the first month after hospitalization. In addition, the severity of MI, LDL-C levels, and statin therapy were similar between participants and nonparticipants, further supporting the generalizability of our findings. Second, not all patients had laboratory values at both 1 month and 6 months after MI. We used a repeated measures model, including all available data, an unstructured correlation matrix, and adjustment for patient risk factors, which mitigates missing-data bias attributable to observed factors. There remains the potential for informatively missing data (i.e., missingness related directly to LDL-C levels), but we believe the likelihood of this, and its impact on our findings, are low. Although it is possible that increased LDL-C levels could be a marker of age or other comorbid conditions, which themselves could be associated with completeness of follow-up, we adjusted for many such factors in our models, ameliorating this bias. As such, the inclusion of risk-factor covariates in our model, as well as the repeated measures framework incorporating freely estimated correlations among the 3 time points, mitigates any potential bias associated with those factors or with the patients' available LDL-C values. Third, although we identified several factors that were associated with LDL-C levels over time, including statin therapy at discharge, there may have been important factors that affect LDL-C levels that we were unable to include in our models. Importantly, we did not adjust for changes in statin therapy over time, which can be altered because of patient preferences or provider titration. However, because the intensity of statin therapy has been shown rarely to change after discharge for MI (12) , and given the difficulty in interpretation of changes in treatment as time-varying covariates, we elected to adjust only for the intensity of statin therapy at discharge. Finally, we were unable to deeply explore the underlying basis for most of the significant associations that we identified between various patient factors and LDL-C levels over time. Subsequent studies need to be conducted to further explore the biological or behavioral explanations for these associations.
In conclusion, we found that LDL-C levels decrease modestly over the 6 months after hospitalization for MI. However, the changes in LDL-C levels were strongly associated with the presence and intensity of statin therapy at discharge. Furthermore, older age, male sex, hypertension, and better socioeconomic status were all associated with lower LDL-C levels over time, even after adjustment for statin therapy. Whether these associations are driven by biological differences in LDL-C levels or statin effectiveness, or whether these represent behavioral differences such as higher compliance with diet or statin therapy will require further study. These findings support the importance of intensive statin therapy in these high-risk patients and also estimate the expected LDL-C changes after MI in a real-world population. The TRIUMPH study was sponsored by the National Institutes of Health (National Heart, Lung, Blood Institute) (Washington University School of Medicine Specialized Centers of Clinically Oriented Research grant P50HL 077113-01).
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